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1020030053551 #^ ^7}: 2003/9/24 

^l^^. °1 y o V ^^r a>£^7l^ ^1 <3«3 ^ *fl2 ^ ^Ml ^4 ^ ^ #71 Sfl 

JEL ^<£^iLt}- 2z7] 5L#<S TflolB ^<3^ ^#*}:H, #7l *U ^ ^12 ^ xflofl z| 
Z| ^-71 3)1^ ^*>^^ #7l «>J£^l7l^ vflofl ^^W-^nV ^ ^ 

ul^ 711 °1B ^-f-*}^ #7l ti_V£^7l^: vflofl nfl^^ *]12 4l7>^-£l^-# ^*Kr 

53 -i- #7l *fli ^V^el^oil ^1^^- *fli %^<3<* #ofl 7^<y- TIMS 

^c^-g- ^*>7l 3]-5}o$ #71 3fl= ^^H: ^7]^ ^<?> #71 *fll i7^B]^ 7}^7}^ 
^S)^ Sl^l^^ °§<3(31H <S^)S1 32C>1» ^J^g- ^ $IJ1 ( #71 ^12 i7V^-^nl- 

£ 13 
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1020030053551 #^ 2003/9/24 

{Fabrication methods of a semiconductor device having multi-gate insulation layers and 
semiconductor devices fabricated thereby} 

E 9 ifl^l E 13-g: <a -g*HH ^ ¥ii^l4i7>^ aflSlHj-g: ^^^>7l ^tr 

£ 14 xfl*l £ 18^8- -SH^N Ufa al£^1^7>^ ^^«r> 7 } 

^tr E+^ELl-ol^. 

£ 19 5. 28£- -g- ]£ cfs- ^Al^ofl 14-g. tilH^1^7>^) ^flS^-i- ^^*> 

71 ^tr ^Efol4. 
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1020030053551 #^ ^7}: 2003/9/24 

#7l H^l^l ^7>£-El 7l#^ ti>H^7l^ ^<3<*-§- ^^v^ *|#*Hr ^4 

, #71 B€*l *fl^r 4i7}£-E|*M- ^*Rr i^-W. 

<9> £ 1 £ 3^r ^2fl^| ^-g-El 7l#^r ^ *>7l ^JSM-^ nf. 

<io> £ 1^ ^S*}^, s.^ S^^l^Ei ^(A) ^ 5l&<& 3.+ B^l^El <^(B) 

# 3Hr «>£^7l^;(l) #ofl 2)]= #5^(3) ^ ^= ^5^(5)* ^^It}. #7l 7^ 

-2.^ H^7]^Ei <3^(A)£r #efl^ nfl£.£L| ^7}°] ^ c]z])o) JE^f #2fl4=| ^3-Sl ^7> 

^ ^^5)^ ^ ^ XZcf. #7) 3fl = ^3^(5) ^ 3flH #3^(3)^- SflE^H 

#71 tiV£*ll7l#(l)<>l i,#Al?JCl-. #7] SflE^Sj 2}]j= ^ J^^)"!- *1 

A ^>-§-*H #71 y>^l7i^:(i)# ^Z^tf. ZL #7l 7-1 S.^ B 

^T.liE-1 <3<*j(A) tfl^l *Hl H31*l <3^«(9a)°l ^SlJL, #71 JL&<& S.±l E^]A E j 
<3^(B) ^1 *fl2 B3I*1 <3<3#(9b)°l ^#^tf. #71 *fll m^l^l ^^l-(9a)^r #7l *\ 

H^^l^Ei <^^(A) xflofl *fll #^^^l-(7a)^- tb^*KH, #71 *fl2 H^l^l <^l:(9b)-^ 
#71 JL#<$ 2.^ H^^l^Ei <^<*j(B) vflofl ^2 #^^^l:(7b)^: t^W. #7j X)l ^ ^2 
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1020030053551 #^ ^*>: 2003/9/24 

H^l <3^#(9a, 9b) iJH zJ-ZJ- XU ^M-(lla) ^ Xl2 i^^^dlb)* 

t\. #7} XU ^ Xl2 ^V&^l^-l-dla, llb)£: #s}-^5. ^SVt).. 

£ 2# ^S*>^, £ 13} #7l 35flE^^ Sfl= ^3^(5) ^ #7l SflEl^^ SflJEL ^5)-^- 

(3)# ^ #7l XU ^ Xl2 *^<9^^(7a, 7b)^r ^#^1^14. =L ^4, #7l XU 

^ X]2 ^>^-&l^l-(lla, lib) 31 7>^"7>el ^^l s14^ <^^s. (13 ) > ^ cjih <3<3 
#(dent regions H «8^t=h °1°H, #7l XU BlXl^ ^^#(13)# 5Hr ^SXl^^ <I 
#sM7l<X #7l ^«3 3S(7a, 7b) #X1 XU XMH #5K V (15)# ^W^f. #7l 

XU TflojM ^>5|-eV(15)^r ^ *!*3*rfe , Jl^<y H^l^E^ 

Tfl^B ^<£^ ^iM: ^4. #71 XU 7flo]H #3^(15)31 ^1 7> ^7>^S. ( #71 Xl2 

^#(7b)3] #-?- iaui #<q #71 XU TfloiH #^(15)31 ^l^ #tfl^o.s. gfol-^tK oi 
sit!: ^#^r gr^ JL4(thinning effect)^ #5^4. 

£ 3# , #7l 7-1 S.^ H^^l^El <3^(A) tflSl #7l 7IU 711 °1B #5}-^ 

(15)^" O-^L ^7l*H #71 XU *^^^#(7a)# ^#AlflCf. ZL ^4, #71 XU 4l7> 

€-Bl«Klla)Sl 7>#7>Sl ^^-i-^ #71 X|l Sl^li^ ^^#(13)^.4 Cl S^r Xl2 3Xl^€ <3 

•3«-(13a)<X ^€4. #71 Xl2 slXl^S ^^#(13a)^- £fe ^SXl^^g- <M#SH 

?H #71 XI l *^<83#(7a) #<H1 #71 XU XHH #^-Bl-( 15)^4 ^ xl2 XMH. #3^ 
(17)^- ^^tVcf. °H, #71 Xl2 *^ c §^#(7b) #31 #71 XU XMS #5KKl5)3r 7131 ^ 

#3*1 $Hr4. ^e}^, #71 XU XMH #5l-^(15)^r ZL^3l ^71 ^1<4 7} <X ^*fl 
§ ^U^H 1-^>J1 ( #71 XI 2 ^7>^Sl^(llb)3l 7>#7l-Sl <%^^°\) <X #^1 #7l 

XU slx-fli^ cg«Ms. (13 )ol #71 XU r^g-el^lrdla^ 7>#z>&) ^^Irofl av 7 ] 

Xll 5^1^€ ^^#(13)^4 c-1 XI 2 el^£ <^«^l-(i3a)ol ^^4. 
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1020030053551 %^ H*}: 2003/9/24 

<13> #71 XI 2 XMH #^(17)^: 5£^-*Kr i&E*H7l^Sl ^ #X1 XMH S.£^(19)& 

^#tb^-. 4.^°-^, X| 1 XMH #^(15)^- JL$.<& 3-£l B^l^^l XMH 

^thi" sl-ZL, #71 XI 2 Til °lB #S}-^(17)£: 2.^ ^^Ul^E^ XHH ^ 

Sr *Vcf. Olol^, #71 TflolB £^5V(19)# ^B^H # 7 ] Xll <3 ^ S(7a) 21 #^f# 7} 

S*l=*r XU XHM ^^"(£^1^1 &-§-) g #71 XI 2 #^^^#(7b)^ #JjL* 71-^.^1 
X|2 TflolB ^(5L^M &#)^ «^«-tf. 

<u> ##^V wv^- ^°1 7|^1 14 = ^, -n^<y- S-i B^N^el ^ XI 2 

Eiq-s.^ 7>#^>Bl ^^tofl Xll HlXji^ ^^#^1 ^ £) JL , ^oj- E^^l^Ei <3<*vfl 

21 XU db7>^-^^#^ 7}#*}5l #71 XI 1 &1X1^€ ^^^iCf d ^ XI 2 Hl^li 

€ °J^1- 0 1 ^#€^. °H 1421-, a^tf SiB^iABjs] ^ y.^efl#= ^(subthreshold 
characteristic)^- £i B^l^E^ *Jj±^sfl#:E. ^-#<X. ^Sf^cf. 

*|, #71 XI 2 ##^^l-(7b)^ 7}#*}e] 3tif gfe- #71 Xll XMB ^^^"(15)21 ^flir 
A o v 7l XI 2 *#^^*(7b)Sl ^#JjL #oll #7l Xll XI ol e ^^^(15)^1 ^Hl wl^ 

#tfl^ ols. Sr^S, Ji^<y- £^ H^^l^Sl XI^IH tfl ^(breakdown voltageW 

<15> tr^, #71 Sl^l^^ *^l*V7l fl«H *>7l^>g B^*l ^7>^- 

Sl 7l#(self-aligned trench isolation technique)°l Xl<?>€ «> #7] *>7l3}^[ B€*l 

^7>^-e| 71 #^ X16, 222,225^X1 "^HX]^*} ^ =l XI (Semiconductor device 

and manufacturing method thereof Xl^--°5. M-^FfBKNakamura) -f-Xl 2l*fl 7^1^ w> 
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1020030053551 %^ <&A'- 2003/9/24 

<16> £ 4 tfl^l s. 7-gr -#7] ^16,222,2253:^1 71]a]^ # 7 ] x}7}^^ H^l ^>^- 

el 7]^-i- it ^*l-7l W ^S^Ui, £ 8^ ^-71 nl^Sj] *ll 6, 222, 2253^1 4€- 7 r 7l^l 
H^^l £.7}^z) 7}^o\}*\ « a ^<9€ ^ Xlfe €-*H^* ^^*>7l W 3§^ E olcf. 

<17> £ 41- ^S*}^, 71^(21) #<>fl TflolB ^^SV, ^1 ^--^-TflolH^- ^ ^3^- ^ 

Sr^* *HlS ^t!:4. ^"71 ^S)-^, afll -^-fr TflolB^- ^ TllolH ^^^-g: <3^3-£- 

3. sflE^^H ^71 «>IE^1 71^(21) 2} ^cgo=j,§- ic:#AlfJcf. c>| *| ( #7] ^JE^l 

#(21)^ ^i^^AB %^^^*(22)* tr^ *f ^ H3!*l ^^#(23)1- ^^*V4. ^ 

^4, ^-71 4 %^<^#(22) ^Hl *>3]J5L ^^^21-^(25), ^11 ^f-fMMH 2A€(26a) 

^ <a^^l D -[ *fl^(41)°l ^^^cf. <#7] ifl^l-(41) ^Hl ^-71 H^l^l ^^-l- 

(23)^ *fl^Hir ^^^"(24)^: 
<18> £ 5* ^*>^, #71 <3"M*1^ sflHl-(41)ol nfl^l aJ-7] ^<gnl. ( 24)«- 

aJ-^H #?1 H3!*l ^^#(23) tflofl ^>^-el^-l:(24a)^ °}°]*\ , ^7) 

W^1 D 4 3flEH#(41)^ ^EH^j o.^ A^\<^ ^7} Jf-B-TflolH 3ifl^s.(26a)^- tfAl?Jcf 
. ^ ^A, ^7] 4i^^^l-(24a)^ ^-71 *fll ^TflolH 2fllil;(26a)2l ^^^^e^ ^ 
tfl^o.S. °H ^t5>^, ^-71 ^7>^-El^-#(24a)2l £ 5^1 y}-^ 

^-o] -g.o] 7$a\z\ negative sloped sidewal ls)^- #^r. 4*1 ^T«fl ^ t % 7 ] 

21 ^ 7^a>^1 inverted tapered shape)* H<ytf. #7l t^a>^1 fgEfl^ ^ttf 

^^-^#21 ^1^ (performance)^: <H^7)1 ^l" ^ $a4. 

<19> £ 6 # %^*>^, ^-71 ^f^-^^#(24a)^- ^« 0 >^ ^Z^M ZL#2l <§=^ H^2r2j^- 

^2] ^Efl (positive sloped shape)S. ifi^H (convert) . n ^-4, £ 6°fl -£*|€ «r 

2f ^o) ^-71 ^7>^-el^-s.(24 a )oi 7K>7l-el ^^s-^ ^^- (R) oi ^^^cf. 
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1020030053551 #^ 2003/9/24 

^H, #7l #7l ^^#(R)ol #7l B\^^(25)^r hc^}f] 

51 7* #S*>^ , #7l eMl^ ^^#(R)-i- ^>£^7l^ ^Hl *fl2 -¥~fMl 
oleoi-^ #71 *fl2 ^7)lolEnV|. sflE^H #71 #^^^1"(22)* ^ *fl2 -f- 

-B-7flol S aimi-(26b)-a- th}. *}3lS #7] *fll ^ *fl2 ^f-fMMB. ^#(263, 

26b)£r -^-fMMB ^^(26)* °}°]*\, #71 ^TllolH 2fl^l:(26)-a- ^ #51*11 

71^ ^ ^-oil 7fl°lB f^^^C inter-gate dielectric layer; 27) ^ ^HtHo]h 

sflEi^H #71 #^^^*(22)^1 #^-# 71-5.^1 5^ ^olTflolH ^^-#(28)4 
^^i^i #7] ^HTflolH #^-#(28) ^ #71 %^<3^#(22) A>o]oil 71] *fl€ ^-fMHHS 
(26)* ^^trcf. olnfl, £ 8<>fl 51^ w}^ ^-o] o] Aj- 7 | ^HtIHH ^^#(28) ^> 

olsl #71 i^sl^#(24a)^ 7l-#7>e) <3^«-<Hl ^H^7ll-(stringers; S)°] ^ 9X 

cf. #71 ^H^Tl^(S)^ 51 6*11 #71 eMl^g <3^S-(R)°I] 7}°1*\<^ ^^^^f. #7l 

^B^Tl-i-(S)^ #71 A]2 -f-B-TflolH 3ifl^#(26b)Sl ^^#(residue)<Hl 

##tr «f2r ^°1 ^Hfl^l H31*l ^>^el 7)<t ^ ^sfl^ 7>7l^t B3!*l ^7>^-&) 7l 
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<23> o]^-j7^ ^ 7l#3 TflolS ^ tij-^l^H ol 

^1 91°] *\ S.i H^^l^Ei^ ^ o]H ^<a^4 o]^^ 7H>^^^ ^3 

<25> l^o] o]^^ ^ gc ^ 7} -3 4- 711 o]H ^^^-1"* te^l^l 

*H &<>H MfH]^ 7>^-7>Ejofl 51^^ <^#°1 *§^3*r ^ e^r^S. ^ 

«>£^7l^ *fli ^ ^12 ^ n^- ^ ^-71 sqs. ¥ 

^^r 2:71 Jl^^ TflolB ^^(an initial high voltage gate insulation layer )■§- ^^tb 
t^l, ^"71 *fll * *fl2 <3<* vfl<*f| ZfZf ^fl-EL ?i^^r ^is}^ ^7) aVi^7m ifl 

^1 *fll ^M^B^ ^ ^71 2:71 Tflo] E 7^nV|. ^- 7 j 7 ] ^ 

iflofl nfligsj ^T-l^^-g- ^^SLsL ^ ^1 1 ^7>>^-^^l 
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91^ 41 #°fl x\$. c & TflolH ^<g^ ^^^7] #7l 311= *\}7] 

*rfe #7l ^^H ^(^IH <3^)^ ao] 

» ^ sIji, #7l ^2 d^l~g-em<>} 7 ^^el <^^ofl ifflB cg^ol ^s]^ ^ <£ 

#7l Jl^oj- ^ ^> 7l av £ ^7l^r £ #7l zl#<£ vfl^ #7l ti> £ ^ 7 m #<H1 z}-z}- 

2:71 Jl^i'y- Tfl^lB zj<gnv( initial high voltage g ate insulation layer) ^ #7l ^7l _n*I 

Tll^lH ^<?l^rf 2fl= €"3^ ^^W. #7l 2fl= ^ #7l ^71 Jl^ 

Tfl^lH ^<3^ *>^a. ifl^l-^- #7l s}j= 4i3 2fl€«- ^ p}ia 

A>-g-^r>c^ # 7 ] sflc #7l ^7l TllolH ^ #7l «V£*ll 7l ^ ^Z^} 

^ #7l 7-1 ^ <^<* ^ #7l JH*}^ <3<* iflofl ^ ^1 B^l^l ^i- ^ *fl2 H3I*l ^-t 
-§: ^tr4. #7l *fll B31*l <?§3#£ #71 iflofl ^1 tlr^^Jl, 

#7l ^12 B31*l <8«|#£ #7l -ZL^i^ <^ ^floll ^2 #^^^«-ir tb^W. #7l *«1 ^ *fl 
2 H^l^l i^H Z}-^ *)U ^ *fl2 ^l-^^o. 3^^. ^71 zfi^ ^ #7i 

2fl= ^T^M #7l #^<^^* ^ #7l S7l Til o]H ?A 

^r. °H>H, #?1 ^fl 1 #^^1: ^Hl #71 ^71 ZL^<a- TH^lH ^^^i^ ^ 

#71 Tj^o]- cg^j^. 7 ^oJ- S.^ H^^l^Ei cg^ofl *fl^-^J7 ( #71 JL&<£ Jl^ 

^ H^flzl^E^ ^^cHi sll^-*Vcl-. ^-sl (alternatively), #7l x\#<£ <%<*^ ^ 
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eflo] <3<3H Sfl^ ^ 01 Jl, #7l Jl^i<a- <3^S] 3.^ B^fl^l^Ei ^ 

<29> # 7 1 S7l Jl^l^ ?1MH ^ #7l 3fl= ^ # *Rr 7 A^r #7} &Sl^7}% 

£\ ^ #^1 3,7} JL&<S TflolH #S*^-g- ^*Kr ^4, #71 2:71 Jl^^ TlHH #2}^ 
^EB^ojg. ^7l*H #71 ^^<3- <^<* tfl^l #71 aV£^l7l ^ 2r.#X|7|^ 3*r, #7l Jl^ 
TflolH #S^<>1 ^3 ^171^ ti>£^l7l^ 1#^-Al 71 <H #71 «>£^11 71^:^ 

&t£o\] sflc Aj-J^-g- tg^^ 5Jo] WV^*>Cf. #71 ^7l JL^<y- TflolH # 

<30> #71 <5>J= n}i 3 Sfl^S-^ #71 2:71 Jl^ Tfl o] E ^nj- ^ # 7 1 sfiJEL £ 

^ a}£^7l^<2l ^ #6f| = p}ia D -[t $#*KlI #71 <5>.EL D}i3^ SflE^^S.^ 

^ S^-. #71 S>3= ^ = D}A 3 ^ ^ #^ ^ *r^3.^ 

3#*1?H ^ Sa^-. °1 ^-fofl, #71 ^ ^ ^ias]"^ #71 271 JL^tf TflojE 

^e]-, #7l 3fl= #7l tiV£^l7l^roll clival Alz]- Aj^Hls. TlU l-^B|-O.S 

^*Kr ^J°l *4^5}ZL, #71 #-^ sj-JEL nj-^HnVo. ^ aV^^l^l tfl*H ^Bfl W ] 
* 5^ *1l2 ^#*Kr y>^-^^>cl-. # 7 1 ^-^^ Aj^s ^j^o.^. ^ 

^ ^ ^U, #71 *112 ^Sl^ #^-^^.5. ^ ^Cf. 

<3i> P£ c}-= « c v^ .^(alternatively), #7l n^H^ #7l 27l JL*l<y- 7lMH 

^, #71 zfliEL ^<?i^ £ #71 aV£^ll7l^l tflsH ^ #^(a single 

material layer)^.S. ^#^r #7l ^Sl^ ^ 3. $#«l-fe ?H 
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<32> ^-7) afll ^ ^12 i^e] c 4t^r ^11 ^ aj|2 S^l^l <3^!-g- &£.^7)%S>\ 

<33> Aj. 7l ^2 ^*>7l ^-71 ^1 ^ A}2 B31*l ^^#^1 vfl^ 

ofl ^^VSj-B]-^; ^7}S.(additionally) ^^ik 

<34> 7^<y- TflolH I^SKK^S. ?M wl-^-2]^>cf. 

<35> 14 0 >7M, ^^-g- ^"71 7^<y- TllolH ^ >*7l 3L^_<& 7|MH A <H1 

^ #71 afll 7>S.^5^ ^^<y- 711 o]E ^ ^ ^"71 ^12 7}sLx) 

ji^oj- TflolH ^-g- ^*Rr 3* CI 3L^-W. 
<36> cfs- ^^(alternatively), ^7} 7]}°}^. Qkr ^f-fMH 

S 3fl!i * #7l 51#<& ^<*^ g^r *H<?1 TflolB s)l€* I^Rr 3^r, ^"71 ^TflolB sfl 

^ ^7l *H°] TflolB 2flEd-g: ti>5L^l7l^:^ ^ TlMH. ^^-^o^nV ^ 

# ^>3flS ^*Rr ^J^r, ^-71 5L#n, ^7} TflolB f^H^, ^71 -Sf^-TflolB ^ 
^7l Pflo] TflolH 2flB^^ ^-71 X^<y- <3«3 iflofl #7l afll %^<^^#i 7>S*1 

^ ^HTllolH 0>-i-£^-] AV 7 ) ^olTllolH ^ ^"71 TflolB A> 

°H 7ti*ll^ ^TflolHl:^: *g>^4 ^Alofl JL^Q °m vflofl ^7} z\}2 #^<3^1-# 

7>S^1=^^ Oflo] Ol H ^^-1- ^ C-lol TflolH £^-g- % ^ ?A^T C-l 

<37> *r^, ^ ^^^r ^"71 ^1 ^ ^2 B€^l ^^Ir* ^^*>7l ^ofl ^-71 n>^ 3 ifl 

^#^1 ^-^1: ^Hl i^ol^s.^- tg^*>^ cl ^ ^t^-. 01 ^^-ofl, ^-71 T^U ^ 
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#71 ^S^l^Rr 7-1 ^<y- o§<* ^ jL^og. cg^ o. ^ ^Wl^t}. 

ifls] ^-71 71^3 dt^^ofl X)l 4:7]-^- e) ^o] tifl^Jl, #7l ifl^ 

#71 aV£^7l^ ^^^H 7|12 i*}"^ *M UflAl^tf. >8-7l Tfll ^ *fl2 4l7}£ Si 

Al % 7112 <3 <3 ^j-71 t^U g *fl2 ^Hl zj-zf 7^«g- 

B ^ 4 V 7l 7^<y- TflolH ^^-4 Jf-*|£ TflolB 3^4. ^-71 

A2 ^7>^-El^fil -#-^(top surface)^ #7] JL#<£ 7)1 ©IB Q<£A$] ^cf. t^e} 

a-1, ^-71 Jl^ TllolH ^<S^ ^ ^"71 ^2 ^7>^-5l^- A>oloil ^^(step region)7> #7fl 
th=h #71 ^H^^r -ZLTi^ TllolH ^<2^ ^-^Bcf ^tc)^ e)^^ <^ 

5^4°^ #^f. ^"71 ^-"-o^ #7] ^12 #^^^3 7H>7>el 5LM# 7lu)-^ ^^BB 

o]2f o]^*V ^7} 7112 ^7>§-elo}-i- ^^tVcl-. 
<39> cl ufo^A-l, ^-71 7^<y- TflolH ^A ^^SJ" ^1 °1 H ^ ^ 

-S-71 J17i<3- TflolB #<*fl *g>$3 JL&<& 711 Ol B Ti^-* D] i^-^Cf. ^-71 T^j- Til 

°1H #7} 41 7>S7laj7 ; Aj-7) j^oj. 7flolB Aj-71 ^ 2 « 

<40> ^el (alternatively), ^-^^8- #7l 7-1 Tfl^B ^ofl 

X|°1B Ti^-, #7] T^HTflolB ^ ^-71 X^oj- TllolH ^^^1 7 fl 7 fl^ ^f-fMl o j E _ 

^>7l Jl?i<y- TflolH ^HlB ^#^1 TllolH ^1^- ^ Cl^l Tflol^ ^[q-^- ^ 

57-15 



1020030053551 #^ ^7}: 2003/9/24 

TlMB #^gr #7] *ll2 ^ 7>S.X1^.4. S*l, «.o. 7l ]olH ^ ^-71 XH 

XHB ^ A>olSf ^1-71 o\ TflolM ^ ^ ^-71 tfv] XMB ^ ^ 0 H^r XM e §^ 

«V£^l7l^ ^Ul^l}. ^1-71 7-1 ^oj- <3<*j ^-71 a>£^7l^ d^^ofl X|l 

^ *f TT X]l ^^^Cf. XU #^ ^ ^ 3. 7>#*}bH ##5} S ig 

(protruded surface profile)!- ^ v ^r (protrusion)* . A oM XU % ^ 

7} XU B^*l <3<3 *>°H1 XU 3*r*l <8^(a first sloped regionH 7fl^fl^cf. # 7 1 X)l ^ 
^ ^"71 XU ^cg^o] ^-71 l-#sl 7>^-7}s^ X^JlS-JfEl ^S(downwardly) <2 

XU ^U3(a first inclined plane)^- SHr^. ^7} JL#<& <g<*» vfl^ ^-71 ^X^l^ 
£j ^<3<*H XU ^^^r tr^SRr Xl2 <3 <3 °1 #7] XU 

^tr S^-l: ^i=r. #7l Xl2 ^ #7] Xl2 H^l^l ^ ^ a>°H ^A>^1 <^<*]ol 

7fl7)l^nf. #71 X]2 tJa};*1 cg^^- ^-7] X12 «-^<3^ 7R>7>^ ^ui(edge corner )B^-Ei 
-fS. XI 2 5>^4. ^71 XU B31*l <3^£r XU 4i7f£-^0.^ ^fl^JL, # 

7l X]l ^7}^ ^. 7l ^ ^A}^ ^^Cf. o}9\- v\&7}7]g_ t s&7] ^12 B^l^] <3^£r 

^1 2 4l7l-^-^^0. S _ ^n^l^l, ^"71 X]2 4i^S]5|^ >^7l XI 2 ^Aj-^-g- ^^Cf. ^-7] XI 1 % 
^^^^ 7)}o)^ ^0^^0.5. S^^Cf. ^7} 7^oJ- ^jo^ ^<gn|^. ^-7] Xl 1 ^7)~g- 

^^^4 ^ ^^-g- ^cf. 4V7I X12 XMB ^^^5. ^ 
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#7] ^^<a- 7flo]B ^"71 TflolB ^ ^-7] Jl^og- 

tiMB Aj-Jf^-^ ^re)^V sl^li^ <3<*(^H; dent) HS-^* SHr^-. 

<43> o}^} > ^«*V £^1-^- t^s} 0 ! wV^tb ^^Hl#^- ^il^l ^^^7lS tb 

ZLS]J1 *&<%XM?\} #-gr«] ^ ^JE^- S>7l ^ ^£M*l^r 

^ 5^4 SLfe zl# A>olofl ^30} 7 fl7M 5a^. 

<44> 5. 9 tfl^ £ 13^. M}-t^ ^! ^AHH tiV£^]4l^ ^l^iWj-^^- ^ 

tb ^Slr^m. 

< 45 > £ 91- #2^, ^(C) ^ ^^(D)-fi- ^£^171^(51)* 

^lW. #71 7-j^ ^^(C)^r € <H^H ^fl^r^, #7} <^(D)^ 

3. jl#<# B^liEi <$<%°\) *fl^4. #7] 7^og- <3<*(C)£r ^ 

5.^ H^l^E) ^£ XI 4. S£*b, ^-71 til£^7l^;(51)^ ^el^- 31 

*r A oM tiV^l 71^(51)^ ^ ^Hl 3:71 jn^oj- 71MB ;g initial high 

voltage gate insulation layer; 53)^1: *1U ^1(11)5. ^^tb^. 3-^.°^ 7)}°]^ ^ 

^5i-(53)^: ^^bSl-^S «>^*>tj-. <#7) ^l(Tl)^ ^^^^.S 

^ ^1^.4 s ^o] H>^^cf. c^ll- s.^, 400 A Sl 5Hr -H^i 0 ^ TflolH ^^B|ol j9_ 
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-8-71 *fll ^l(Tl)^r 450A vfl^l 500A^ %o] a>^^>cf. o]^ > ^ 

^ ^ ^Z^cHH -8-71 3,7) 51^ 7flo]H ^^^(53)ol ^Zj-^ ^ oj7l nfl^-oltj-. 
<46> Tfl^sJH, #7] 2,7) 5L#<# 7))o)^. ^^^"(53)* sN^M ^7) 7\#<& 

<8^(C) iflsj #7] ^rH^7l*(51)* ii#A]flrf. ^7] 3-7) 51#<& tIMh ^^^-(53)-i- 
^\7) "E-^Sr <#7] JL#<$ <3<*(D) vflSl ^"7] jn^oj- ^^S]-(53)^- g^r 3. 

Sel^liH #(£AlsH &^-)# ^*Rr 33 #71 ££2ll^iB sfl^-i- ^4 a> 
-g-*H ^"71 a^tf cg^(C) iflS) jt^oj. 7flo]H ^^(53)* ^SRr ^ ^7) 

S^ell^iB *ll7l*Rf 3* S^tf. o^H, ^71 2:71 JL^^ ^ <3 ^ ( 53 ) 

<47> ^-71 °§^(C) ^ ^-71 ^r£^l7l*(51) ^Hl sfl-EL ^^^"(55)^: 

nf. #7] sflJEL ^^^(55)^- ^71 *fll ^l(Tl)^ ^|)2 *M)(T2)S ^*Rr ?H 

3?«ftf. ofll- -8-71 afll ^7|](T1)7> 450Atl ^"71 aj|2 ^^1(T2)^ lOOAJitf *}- 

^-71 SflJEL ^^^(55)-§- ^*Rr #7] 51&<& <^(D) tflafl ^-sRr 2,71 Jl^^- 

TflolH ^^(53)21 ^1(^, ^"71 afll ^l(Tl))^ 37fl ol^ ( ^-71 S7l 

TllolH ^^^-(53)21 ^^flofl 7 1°1<5H # 7 ] <3^(D) tfieq i&£*l|7]Jg:(51)sl ^ 

Sj-^r (oxidation rate)°l d H-t- —^7) nfl§-°lnl-. 

<48> # 7 ] 2flc ^o^oV(55)ol ti>£^l7l3j-o) ^-ofl v} + ^(Q0)-§r *&<$#t±. 

<#7] v}^^(qo)*- s>= Slower hard mask layer; 57) ^ ^-f- £f= 

^(upper hard mask layer; 59)-§- *HlS 2)^X)7]o] 5A^. °1 ^-f^l, ^ f>}^ 

^^3.^(57)^ ^7l 3fl= ^^-(55), ^-71 2,71 ZL^l^ TflolH ^^^(53) ^ -8-71 u> 
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£.^71^(51)^1 tfl*><*| ^«1» ^ ^ ^Jo] w>^-2l^>ZL ( ^7] 

^ n>^a^-(59)^- A> 7 | Hl S ^l 71 ^-(51)^1 cfl^H ^ ^2 

^*Rr *M «>^^>4. <« ^"71 afll * *fl2 l^^g: ^Bj^ * ^ 

°1 ^ ^"71 = Pj-i3^-(60)^r -S-71 #71 sflJEL ^^^"(55), >8-7l 2:71 Jl^^ 

TflalB ^£^(53) g ^71 aV£^l7l^(51)^l tfl*H ^ 

single layer of material )°-£- ^-Q^k t£ &i=f. *=M I^IH , #7] n>^a.^(60)^r # 

71 ^ n}i3S]-(57)^S ^ #7] <5>£1 ^3.^(59) 

* ^*Hr ^* ^« ^ 

£ 10* %^*}#, <$7) *}^5L^(60)* sflEi^^H ^7j\°) §}JEL 4i3 sfliH-i- 

(60a)* ^^*Vcf. °H n}^, ^7} 3fl€^-(60a)^ ^ 

— *>^H 5fl€(57a) ^ W 4i3 3fiE}(59a)-°5. ^s^M- ^-71 ^ n>^3. 

^ll^CSya) 1 ?]:^-^ tH^**. °H^1, #7] s>= n>^3. zim»(60a)* ^ ^V-g-*r<^ 
^■71 ^71 aL^oj- TflolB ££^(53), ^-71 ^<d^-(55) £ #7l oV£^l7m(5D* ^1^> 

al ^7} <$<*(C) ^ ^71 JL^tf <3^(D) zl-zl- ^1 ^ ^2 B31*l <3^-&(61c, 

61d)-g- ^Wtf. ^"71 ^1 B31*l ^^-i:(61c)^: #7} 7-l^<a- ^^(c) tfloll Tfll «-^<^^# 
(63c)* tt^^Jl, #7} *fl2 H3!*l <3^1:(61d)£r ^>7l ^(D) i|H *1]2 

(63d)* ^7} ?l 7])2 S31*l ^l^lc, 61d)* ^r£^7l^* <g*V^)7) 

°1 ^"71 *fll ^ ^12 B3!*l <£^#(61c, 61d)^ tfl^l-(inner wallsH 1^2r°K65)* 
^ ?H wV^^cf. <l^:S|-^-(65)* ^*>7l ifltr ^7) ^1 ^ ^12 H^l^l ^ 
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l-(61c, 61d)* ^*Rr m ^ all 2 H«*l ^^l:(61c, 61d)3 xfl^S*H 7}^ ^ 

£ 11* ^-71 »ll * *1]2 H^l^l ^^*(61c, 61d)* £fe a>£^l7l^ 

temperature oxide layer; HT0)^r CVDCchemical vapor deposition) -trS}-^\2-iil ^^^>-^- 

^o] t^^tf. a^r, ^-71 £<&^ ^7} afll ^ *fl2 B31*l <8^(61c, 61d)* 

-^511=- ^^^>fe ^o] H>^-2j^>cf. ^-71 d}a 3 3fl^s.(60a)^l afl^H #71 ^ 

^Sr^H #7l *fll ^ *fl2 H^^l ^^#(610) HW ^ *fll ^ *fl2 i^2] D -]-t 
(67c, 67d)* ^th}. A o v 7l sj-«j-7l^l^ <S*r A>-g-^ ^a]^ ^o] 

ti>^-3i^r4. oj Aj-7] Aj-ja 5}£ P [Aa 3fl^l^(59a)^ #7] ^7}^^ <£v}^ 

^171€ ^ &H=f. ^^.OjiL, Aj-7] §>Jf s}£4i 3 3fllil-(57a)^ ^"7) 5l-tr7l^^ <£*}^ 
^-<?V <£p> ^-(polishing stopper layer) ^ihi: tr^f. 

£ 121- ^S^S, #71 ^n^a. 3fl ^ -g. ( 57a ) * ^^r -g-^ (phosphor ic acid; H 3 

P0 4 )-8: aflTl^H ^"71 2L7] JL#<& Tfl^lH ^^^"(53) ^ ^7] sflJEL 

^-(55)-i- °1<>H, A oM sf|^ ^£^(55)* *)l7i£M ^"71 #^^^1- 

(63c)# ^#a"|^cK o]6)) rc)-^, Aj-71 ^1 ^}-«^oi.^ (67c) o] 45E^^-€ ^ ^ ^^r, 

£ 12ol] £a]^ w}-<4 £o] ^^^-el^-l-(67c)^ 7>^>e] <3^*(69) 

*1 <£^r gxr^. ^"71 *fll ^7>^-^n|l-(67c)ol 100 A n|]^ ^ 

#7} 311= ^^(55)* aflTl^ ^Hl^ -i1^7l nfl^-ojcf. 
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<53> # 7 ] g. 7 ] 5L&<£ TflolH ^<^n^(53) ^ #7} sflJEL ^<£^(55)°1 ^&)^ #5^, ^ <g 

AV^j-nvo.^ y$^-o\}, #7l 2)1= ^^^-(55)^r ^#2j-^ ^Zf-§-<3 (buffered oxide 

etchant; BOE) SE^ ^(hydrofluoric acid; HF)4 ^ #S|-^ ^ ^-§-°-fl (oxide etchant) 

o. A\^\c^ ^7^ ^ 91^. o]^ t ^7) 3,7] 5L&<& ?1HB ^^^"(53) <^1 #7l 

A]2 $#<3^»(63d) ^H] #7l ^l(Tl)iii=f *r£r ^13 ^1(T3)S- 3Hr ^ 7fl°l 
B ^^^-(53a)ol #^tH=h 

<54> #7} *Ql ^ ^2 ^>^-elBi-i-(67c, 67d)^ #7l TlMS 

^^^(53)^ # J f 1 £iiL£f ^ efl^ ^Nr*}. ^er^i, #7l ^ JL&<& 7)]o}^_ ^<£*K53a) 
^ #7l *j)2 4i^a|^-l-(67d) A>o]ofl ^f^l-tstep regions; F)^l ^1 , #7] 

*fll ^ *)l2 ^^elSf#(67c, 67d)^ #7l 2fl= ^<3^(55)-8- *i|7l*Kr ^<L> =r^l tt <Mr ^ ^ 

^3-£r4(vertically and laterally etched)^. 4^1, #7l ^-&(F)^ # 

7l ^2 #^^^-&(63d)^ 7\^7\^\ su)l;(E) 31^ dispositions over the edge regions) 
S^-E-l #7l 7\^7\€\ ^l^tr #7l A}2 ^7>^-s]^l;(67d) vfls. ol^^cf. 

JlS, #7l Jl^^ 71MH ^om-(53a)^ #-^£- ZL ^Eflo^ ^- 7l ^ 2 ^<g<*j( 63d)iL 

^ ^ SHr*}. Htr, #7l 2fl = ^<am55)# *H7^Hr ^ #7l ^12 ±4^£] D 4t 

(67d)^l 7K>7>elofl ^cc)^ ofle ^-i-jE ^rf. o^, ^ ^7} 5L#<Q tIM^ 

^^^-(53)ol #7l sfl= ^^^-(55)^1 «1^H €"cl ^^7l nfl-g-olt}. 

<55> £ 13# ^-S^, #71 *fil «r^^^*(63c) #°fl #71 2:71 JL^ tIHH ^°1^(53) 

^.cf ^oih ^<a^(7i)* ^ 3 ^^^0.5., #7l tIHb 

^(71)^ #71 3L&<£ TflolE ^^nV (53a) ^^ cr^ #7l 7]]o}^ 

<£*}^°-3. *§^f>}±= ^Ol ti>^-3l*>cf. ol ^ofl, #7l ZL^^ TllolH ^<^^- 
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(53a)^ *MI(^, #7} m ^M|(T3))fe 7^ £s)-*l-*l #fer*. tIMb. ^cgq- 

(71)# «]:£^7l^ ^Vofl ^1 ^B^g. <8>Sth=h 

^71 <g^(C)°l #efl^ ^>sl >i <Heflol ^^ofl sfl^l-JL ^-71 Ji^oj- 

^(DH #5fl^l nflSSl ^>^] ^5)5. ^ tfl^l 51^^ £i <^ ^ ofl *fl 

^>fe ^^Ml, ^71 7llo]H ££*K71)£- #7] l-2fl4=l ^l£5l ^ ^S^l ^tg- 

sfl€« ^ ^7} JL#<£ ^(D)* ^1°J »MH n^-ir ^"71 ^--a-TflolH sflEi 

-i- ^ uflO] ^ojH 3flEi# £fe «>£^7l^ ^ ^Hl ^^^^(75) ^ XI 2 

^1^1 TflolH sfl^# aflEi^V^ ^-7} %^^^-i-(63c)^l ^« 7>S^s^ XlcHTflolH 
^(77c) ^ XHTflolJE ^-^-(77c) ^ ^-71 ^^<y- Tfloje ^0^(71) A^ojofl 7 fl 7 fl^ w. 

-fMlolB-t(73c)-|: o]^. ^-aH, jt^oj- <^^( D ) xflofl aJ- 7 } ^12 *^^^(63d) 

^ A o VJ f^ 7>^ls^A-^ xV^lS. 711 °1B ^(73d) ^ 3*1 711 °1H *l^-(77dH ^ 

7-1 ^^(C)^>1 HHlS-Sl i7>( non-memory device)^) 7]^ s.^ H^l 

^ ^<*jofl *fl^>ZL #7) Jl^^ ^^(D)ol ^-7] tlHlS.^ Jl^oJ- £i H^^El 

^ofl ^fl^r^, ^-71 X|l S^-g- sflEi^H ^-71 XH *^^^l-(63c)2l ^» 7}JL*1H 
£r t)1 ole ^(JE. 139] 73c) ^ #7] ^12 %^<3^-i-(63d)^ 7>S^1 = ^ ^ 

<y- Tfl °1B ^(JE 13^ 73d)* ^t!-^-. °1 ^4-^1, ^-7] 711 °1B #^r^<?!5l-(75) ^ Xl2 £ 

^S^q-. 
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£ 13-i- t±X\ ti>£^7l^(51)^r ^Sltf ^(C) £ JL&<£ ^^(D)# ?Hr4. 

#7l *1*1<£ <3^(C) vfl^l #7l tih£*l]7l #(51)2} ^ XU ^^^sv#(67c)ol t§ 

S^:, #7l <3^(D) iflsl #7l «K£X1 71^(51)^ i^^*^ Xl2 ^A^A^ 

l:(67d)o] ^^^cf. # 7 1 XU 4i^&l^-l-(67c)^r #7l *\&<& <8^(C) XU 
%^^^l:(63c)-i: tHJ*fca, #7l Xl2 ^(67d)£r #7l JL&<& <3<*(D) ifl<H| Xl2 % 

^^^l-(63d)# #7l XU §^^^l-(63c)^ 7-}## TflolB ^^?|(71)^ iH^i 

Cf. o]^ p>^-7>XlS., #7} XI 2 «-^^^*(63d)^r #7l 71HB ^^^(71)^ ^£ 

-H*l<y- ^<a^-(53a)-^-S ii^*}. 31 *V, #7l XU ^ Xl2 :£.7}-g-el ^"#(67c , 67d)^ 

#7l TflolH ^^^"(71) * Jl^ XHH ^^^(53a)^ ^-f-^-i-icf ^ 

3llHl 3l*l*H}. ^3 # 7 1 JL^i^ TflolH ^<£^(53a) ^ #7l Xl2 ^j-g-^^ 

(67d) ^>^-i-(F)ol ^XltU}. 

^7) ^-^l-(F)^- £ 13<H1 5L*}& w>2f ^-o] # 7 J Xl2 %^^^#(63d)2l 7}^7}E) 

^i-il:(E)# *1<4^ ^^#(79)^^ #71 ^^^#(79)21- <^*> #7l Xl2 ^7>^el^-# 
(67d)* o^s} ^1^-i-oll S]*}^. t±X\ #71 TflolB €^^-(533)^1 

#^^ #71 Jl^i^- XHB ^^e]-(53a)5l §>-^-o)l ol^*V #71 Xl2 %>8<8^(63d):SLi} d ^ 
^ ^§r SHr^. 5Eth #71 ^V-^-^l-CF), ^ #71 XI 2 r^-g-^^^d)^ 7 }#7l-e) 
#71 Jl^<y- XMB ^^sl-(53a)sl #^^^.cl- iffiH ^^^(el^l^^ 

#*1 °H1 «]^H, XI 1 4i^l-^-el^#(67c)^ m-^1 7l-#*l-2l <8^# 

<§^€ <££r 'fflH <8^#-§- 7>^ ^ ^cf. x}X\ iHlH, #71 XU ^^^^^-i:(67c)2l 7} 
#^5l #71 7^<y- XHH ^^^(71)^1 #^-^^.cf ^ ^ ^rf. 
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<6i> ^-y] ^^oj. ^^(c)o] -s.^ ^S-elih^ i§ c^eflo] tfl^ji, #7l jl^Q 

*}^r ^-Mfe, ^7) *fll $^<3^«(63c)-g- 7>S^e^ ^l^TflolB 3l^(77c)ol «fl^S)jil #7l 
^l^TflolB ^(77c) <$M 711 olH A>oM Jf-fi-7lMH*(73c)°l 7j)7.flsl 

cf. olofl clsH, ^7) Ji^<g- TflolH ^<£^(53a) #7l ^|2 %^^^(63d)-g- 7>S^s^ 
*i *>3fljS. Tifloi TflolH #^-(73d) £ cH TlMB #^-(77d)°l afl^t]-. #7] ^--fMl 

olHl-(73c) g ^1-4 f^£)±r ^-71 ^fl^TflolH ^(77c) ^7} v\)9± 7fl°]H *m 

(73d) ^ ^-71 ciBl TflolH ^(77d) A}o|ife TllolH #^^^-(75)ol 7fl*fl^nh tf 7 ] Ji^ 
^ °J^(D) MHH, #7l clPl TflolH ^(77d)^ ^-71 TjjojB ^^(73d)^ tfJf^ 2] 

<62> ^ ( #7] 7^<y- ^«^(C)o] UHS.e| ^7}S] tf#<£ £i <^^ofl 

^"71 7^<y- TflolH ^^^-(63c) ^-71 z]- *)U %#<g^#(63c)S] 7>S-^ = 

^ TllolH ^#CE 13^ 73c)ol yfl*lS]ji ^"71 JZ^tf TjjolH ^^^.(5 3a ) ^-ofl # 7 j 

*fl2 «^°J^(63d)^ #Jf# 7}S*ls^ ji^og- ^oje ^(3£ 13^ 73d )ol tifl^^cf. ol 7§ 
-foil, £ TllolH f^^ D ^(75), 3H7IHH #^(77c) ^ c-M TllolB 

(77d)-§: iW^l ^cf. 
<63> # 7 i *)H ^7>^-&|^s.(67c) g ^-71 <LKE;H1 71^(51) 7112 i*}^ ^l: 

(67d) ^ ^71 «V£^l7l^(51) T>>olofl^ ^v^^ol + 
<64> £ 14 ^^1 £ 18£r ^112 ^XHH 43 tiV5L^^7]-^ .g. J£t$v} 7 ) ^ 

^^Sl-olcl-. 
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<65> 5. Ml- XI 1 ^AH]<4 « 0 V^* A>-g-^c^ ^oj. eg o4 ( C ) ^ Jl^ 

^(D)* 5Hr iVi^ 71^(101) XU ^-^(Tl)l- £Hr 3i7l Jl^<y- 7flo]3 ^n}- 

(103), -SM XI 1 ^-XKTDiH} ^ XI 2 ¥^(T2)# ^ sflJEl *l<g^(105) ^ 4^3 D -[ 

(no)* ^^*vcf. # 7 ] n>^H«Kiio)£ #7l XI l ^H]sf -S-^^- «o v ^^- *>-8-sH ^ 

4*1 'iHW, ^7l ^>^a^-(110)^r ^ 5-}-= P>i3^(107) ^ A o v -r- 

H^(109)* *HlS 3#A-|7l<X ^^*>7iq- ^>7l *}^- SfjE. u>i5LSj-(107)^S ^ & 

<66> £ 151- , #7] P>^a^(110)l- sfl^^srH ^-71 7]*1<£ <8 ^ (C) ^ 

# ^(D) vflofl ^7fl5l T3>^3 Xj€^(110a)-i: °H1 #7l S>JEL 

3 3fl^-i-(110a)^ A^^r *>-»?- *>S. 4^3 XI H( 107a) ^ 

XI €( 109a) AS ^-^^71^ #7l <5>^f s>H. 4i3 XI el (107a) 1 ?]: AS ^€ ^5. 5U4. A oM 

P>^H X]l!l-(110a)^ s£6\] ^Xl^A-H-dn)^ ^*Vcf. ^-71 iXl^l^#(lll) 

^ HL^ ^sj-^oji. ^ ^-71 fs}^. Xl€l-(110a) ^ 

^xi<>H-i-(m)* ±\a 4^ats A>-g-*|-^ ^-7i xije. €<3^-(i05), ^7i ji^i<y- xhb ^ 

^^-(103) ^ «V£X1 71^(101)* ^^V<X #7l 7^<y- <3<*(C) ^ <g^(D) XH 4^ 

XII ^ X)2 B31*l ^^l-(113c, 113d)* oixi 4^, ^71 7^<a- <^^(C) XH X|l 
#^^^-l-(115c)ol ^^JL, #7l JL#<& <8^(D) XH X]2 ^^^(llSd)^ t^€4. 

<67> £ 16* #71 ^XH*i#(lll)* Xl7l^-Cf. #7l ^X]olA^(lH)^- ^ 

XI 7i*Rr 3J°1 w>^^>c}. olcXA], ^-71 X]l ^Hl^ -g-^tb ^1"* 
#71 Xll ^ X12 B^*l ^^^-(113c, 113d)^ M1^#X1 <1^^-(117)* ^S>ZL # 
7l XU ^ X12 H^l^l ^^^-(1130, 113d) X1X1 Xll ^ Xl2 ^7>^-eln]-l-(il9c ( 119d)* 
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°H ^-71 ^ s}£4ia sfl€-&(i07aH °1 #7l xii 

^ Xl2 %^<8^(115c, 115d)^ ^^1-^ ^ £ 16*11 IEA|<a w}<2}- Qo) #7] ^fl i 

^ X12 ^7>^-^nv # ( 119C) H9d)o11 o]*fl m^^lcf. *r, #71 XI 1 ^>^-^bV(119c)^ ^ ^ 
<3£- ^71 XI 1 H31*l <8^(113c)J4ti). ^ if* 5>ZL, ^"71 XI 2 di*}*i!l«Kll9d)S] <8 
<^ ^-71 XI 2 ^^(113d)icf ^* SHft}. 

£ 17* ^S*}^, ^-7] <5>-^ *>J=L*>^3 2fl€l:(107a) £ ^7} sflH 

(105)* ^-7) XI l *Jah«4 y o^#* Xl7l*>Cf. ZL ^2)-, #7} XH 

l-(115cH ^z\JL, #7j XI 2 #^^^-l-(115d) ^ 0 H1 ^71 XI 1 ^KTDiH} ^ XI 3 ^1 
(T3)* 5fe Jl^i^ TflolH ^^^(103a)<>l °M, ^7] Xl2 ^^-e) ^-(119d) 

2] 7\^7\^\ #-Er #7] X]l 4i^el^-(119c)^ 7\^7\^ °f^ofl «Xtc)t!: €H <^ 

£ ^3*1 g^t}. o]^ ( ^-o] h}|t= ^^^(105)* Xl7l*>7l *H1 

XI 1 % XI 2 *^^^l-(115c, 115d)3 7>^-7>^ ^^-i-o] ^-71 XI 1 ^ X12 ^>^r£|^-i-(119c, 
119d)S. g<*)*| o|7l nflg-olcf. 

£ 18* ^S^, Sfl= ^^^V( 105)o] XI 71^ «]-£Xl7]^h* <l^X|7l<X ^7] 

X]l #^^^l-(115c) #71 XMH ^^s>(103a)^ g)=£- XHB ^ 

£^(121)* A o V 7l 7^«a- TllolH ^^^"(121)* «>£Xl7l^ ^ #6fl XI 1 

t^nKg. ^^*Vcf. ^1-71 XU £*1^* A^H^*\ ^"71 Xll #^^^^(115c)^ 7>S 

^oj- t!) ojH #^-i-(123c) ^ ^7) XI 2 #^^^l-(115d)sl 7}SX^fe JL^ 

^ ^i^#(123d)* ^tb^. 
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r 

<70> cf^ « 0 >^ ©^(alternatively), 3=*l«1-*lfe ^58:^1^, ^7} *fil ^Hl^r *^tb 

^A]ofl ^71 ji^tf <§<*(D) ifl«fl ^]o] 711 o]b ^ STt-H tIMb #^§r ^£ Sit)-. 

<7i> 3£. 19 xfl^l 3£ 28^ ^^S] ^13 ^HH *V^)^x}2) afl^^-a. ^t}y) 

<72> 5L 19« #3^13, #71 Tfll ^H^r w^-g- A}-g-<5>a| ^^oj- <£«(C) *J JL^i 

^ °j^(D)-ar «K£*)l7l#(151) ^Hl Till ^(Tl)l- 2:71 JL^SJ- tIMb ^<3^ 

(153), #7l Till nMl(Tl)B4 *r£- Tfl 2 ^^11(T2)1- aflJEL ^<3^(155) n^a^ 

(160)-§: ^^*lcf. ^"71 ^ n>^3.n| (160) ^. ^-7] Tfl 1 ^A]ofl<q. Hj-^^- A>^-*>^ ^ 

W^T. ^1 i^lH, ^7l §>3= n>ia^-(160)^r ^ ^ ^3.^(157) 3? ^ ^ 

3.^(159)^: *HlB ^#^17H ^*}7iM- <#7] *>-¥- ^3^(157) ^315. ^ 5U 

<73> £ 201- %^V^, #7} S} = n>^H^(160)^- ^flE^SM #7l <g <*] (C) ^ -H^l 

^ <3^(D) 4^7fl2] *}3=. u>^a 2f)€#(160a)* ©H tcfe}-, # 7 1 *}i= p>i 

a 2flHl-(160a)5l z}-z}-^ *>BllS ^ u r^3. 3fl 157a) ^ ^ ^>S. 4i3 

2fl€(159a)o.S- ^^SlTlu)- ^ *>£L P>iH ^€(1573)^.2.^ ^Jfl <^3£ 7^ 

«fl A i, A o V 7l = n>^a. 3fl^il-(160a)^: *}^3.&3. ^7] J7^<y- tIMb 

^^^-(153), #7l sflJEL ^<d^(155) ^ ^"71 alS^l 71^(151)* ^z^H <#7) 7]&<# <3 ^ 
(C) ^ jL^^J- <3<3(D) vflofl 2J-ZJ- Tfll ^ Tll2 Sl^li^ ^^#(161c, 161d)^§- ^tr 1 }. # 7 1 
^H— ^^^"(155)01 ^71 ^7l ZL^<y- 711 ^^^-(153)^.^ ^=71 nfl^-oil, ^>7l Tfll + 

^ ^^(161c)^ Tfll S°l(Rl)7f #7} T112 &1^1^^ ^^(161d)2] Tfl2 S°l(R2)^.cl- # ^ $i 
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cf. #7l *U ^ ^12 3i<il-i-(Rl, R2)^r «f 20A ifl*l 500A^ «^ i^H ^ ojcf. o]o^ ( ^ 
7l <^^s.( 161C) 161d)^ ^-l- ^ #7l S>= 3flB}#(160a)^ ^ # A eHl 

^ffHo]Ail-(i63)# ^W-. ^-7] i3flo]A-H-(i63)^ <M^2|-4, CVD #Sj-4 i&fe CVD ^s}-4 
^ A}-g-*H ot 100A tfl^l 300A^1 ^* 4£^r t~ 5^. 

<74> S. 21* , -#7] 3fl^l-(160a) ^ ^71 ^3flolAi^-(l63)* ^4 

3tS ^-g^o) # 7 ] aV£^7l^;(151)* ^4*H ^71 7^<y- eg erf (C) ^ j^oj- eg «^ (D) ^ 

oil 44 *m & *\}2 °J^-i-(i65c, 165d)-i- ^^^4. =1 ^7} z\&<& ^(C) ^ 

3i ^<y- <^^(d) tin ^ ^2 tt^^cf. 

<75> £ 221- #3b*r^, ^7} +Z\]o)A^(ie3)^ ^4 Al-g-^H ^-71 

^sll -l-(163)ol «l^-5l-4 5Ett CVD ^€ , <$7] ^4 

AVS}-4 ^4-§-^(B0E; buffered oxide etchant)* ^}-§-^H ^1^" ^ 9l^. ^7} 
(163H ShE^l^* ^^r^\7]o\ ^7] ^^#-(161c, 161d)^l inner 

walls) ^ ^"71 °J^#(165c, 165d)^| tfl^-i-<Hl <I^S|-4(167)-a- -#7) ^1 

*^<3^ 7\^A^ 3.^ °J°3-i:(edge corner regions; Kl) ^ #7l A]2 %^<^9] 7>^-7>e] 
2t| °j^!-(K2)-^ 4^ £ 23 ^ £ 24^ ^-cfl ^^£l-(enlarged sectional views) 6 !] .£<*|^1 
w>^- ^71 I^Sl- -f-*H ^ ^ grounded shape )# 2.°]^ 7H>7>e] 

(EC1, EC2)* 4^cf. 

<76> 51 23 ^ 51 24ofl &oH, ^^*(L1, L2)^r #71 ^ #<i) HS.4^-&°11 *fl^ 

?lcf. 51 23 51 241- -#7] <!^32|- ^-^ofl 7l9j^ SI 4 (round effect)^ 

^*fl ^-71 ^1 ^ *fl2 *^°J^-i-^ ^71 7>^-7]-sl 4^#(initial edge points! PI, P2)^r # 
7) Tfli * ^2 *^><^ ol^-^t^-. zl ^7} m ^ ^12 «^<>§<3# 
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^ AA 7>#7}e| ^l^-i-Cnew edge points; PI', P2')* A^A. tr€ , XU ^ 

X12 B31*l ^ -31: (165c, 165d)^ -tf-f ^m-(TCl, TC2)£r 5. 23 ^ £. 24^1 J±<^ w}£r £ 
°1 Jl^K thinning effect HI 7l«?]3r>^ Si^^V ^Bfl (sharp configuration)!- iL<H ^ 

<77> £ 251- t£5}^ , #7l XU ^Al^Sf -§^*1 « 0 V^S-^ A>-g-^>C^ <g 167 ) 6\] 

°]*fl # 7 1 XU *J Xl2 ^^l-dlSc, 113d) ^\°\) AA XU ^ X]2 ±A£z) 

^l-(169c, 169d)# ^W^f. ^1^1 tyA, ^7} *>■¥- sflE}s.(i57aH 2c#^tK 

<78> £ 26* ^-2:^, #7] *>Jf 5[£D}i3 <*flfi*(157a) 5? #7l 3zfl= 

(155)* #7l X| 1 ^H^r J^^tr ^-&* *}-§-«H XlT^^-. n ^4, #7l XU 
-l-ol #7] XI 2 #^^^1- XI 1 ^*fl (Tl)M ^ Xl3 ^1(T3)» A^ 

7flo]E ^ 153a) °1 #^tr4. °H, #7] XI 2 ^H^H ti}<4 ^-o] 

A oM X|l ^ XI 2 db7>^-&|Bi-#(169c, 169d)^ 7}^X£] ^l-ofl <H^tr <8^£. ^3*1 

<79> ^-71 sfl^L ^^^(155)^1 XI 7]^ w>£Xl7l^:* ^sM7H ^7] XI 1 *^<8^# 

^7} 5L&<& XMB ^^^(153a)B4 7^<y- XMB ££*Kl71)* #7] 

^(CH #Hfl4=l "flS.e| 4i7>^ ^ cXeflo] cg^ofl €rfl^>JL #7l JI^ <8^(D)°1 ^ V 
71 #Hfl4=l ^1^5^ ^"£5)3- ^ ^ aL*ltf B€*l^ ^^ofl *fl^)-^ 

#7} Xll ^H^r ^-o^^v « 0 V^-ir-a- A}-8-«H X| 1 *^<8<^S] 7}SX = 

^ X)<XXHB ^i^-(177c)4 o}-§-&H ^"71 XWXMB #^-(177c) ^ #7l XHH ^ 

^^(171) A>olofl 7 fl 7 fl^ «-^-XlolHl:(173c) ) zlsJji #7] XHXHB ^^-(177c) ^ #7] 
^^l°lBt(173c) A>olofl 7 flXl^ XHB #?i^^^-(175)* *fW}. ©1^ . ^7l Jl^ 
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<3 3(D) i4M ^-71 ^]2 «-^<3<*j£) 7>5.*1 ^^15. nfl<?l TflojH 

(173d) ^ cjnl 71MB *l^-(177d)<>l ^€4. 

tr^, A o v 7l «3^(C)°1 aHlS.^ ^>(non-memory device)^ 3.^ H€*l 

7}3,x] JL^ ^oIje ^(s. 26^ 173c) ^ #7l 7^12 M^l:^ 7>S.^s^ 

TlMB ^(JE. 26^ 173d)* °1 A oM TlMS ^^^^(175), # 

71 ^H^ol^ ^^ (177c) ^ ^- 7l ^olje ^(177d)i ^*Rr ^^€4. 

J£ 27 ^ .£ 28£r ^ £ 262} *fll ^ *fl2 7\^t}e] ^^#(K1* , 

K2')* ^-cfl ^3E.-g-( enlarged sectional views)°li=K <^7}*\, ^(L3)£r ^7] x-^ 

7)1 olH ^^^-(171)* ^^^V7l H3.s)-1* 4Er\fltf. 

51 27 ^ 5L 28* ^S*}^, ^7} %^<3^ 1^S|- ^g-g- ^>-§-*>^ 

7} ^&<£ TllolH ^^^(171)ol ^-f°H, -8-71 *fll #^^«^^ f^^) 

1^-51-^(171)^ H 7\^7\^d\} *§^£]^r 1^^(171)^.4 -^51^- ^#€4. =L ^^f, 

A o v 7l *fll 7HJ-x]-BH JL^ 5.5. (protruded surface profile)* £tt # 

(protrusion; P)7> ^^^cf. t ^^o} 7}^7.}^ ^Ml*| #7l *l 

TlM^ ^^^-(171)^1 *1^ JL^7> l^tHl. , #7l tIMe ^^(mH 

^lSL^ ^7>S] E^l ^S^Hl *fl^Rr ^-f<^l, #7l *fll *^ q 2] #7} ##Jf(P) 
21 ^H) 7l<*l*H ^(program speed) ^/S^ d^Tl ^£(erase speed)* 7fl^Al 

^ *T SZcf. °lr, ^7l E^l ^Bl-Sl ^17> ^£]^ ^ofl, ^^1 7]#^ Hl^ 
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°> #71 AVsj-nVo. ^}cq ^s.^ o.s.( exponent ial ly) ^7> 

*>7l nti-g-olt}. 

o)6\] D^H, # 7 1 *fll #Jf S ui (upper corner; TCI) ^ #7l ##-^(P) A>olofl 

#7l afll SlX]^ ^(JE 202] 161c HI 7l<y*Hr XU ^^(a first inclined plane)# g 
^ XU ^a}?1 <8^(a first sloped region; SL1)°1 ^^^^f. #7l ^HH. ^<£^- 

(171)^ #^ 7>^>El* ^lM-^ X| 1 ^^(VAD^r #7l afll ^A>^] <3*|(SL1)# *]^t}. 
°H1 ^-2r, #7l Xll H3!*l ^M(TCl) ^ #7l «-^7flolB(S^ ^^1^ TflolH ^1^-; 173c)^1 
SHfaM a}o)o) Tl^(DT)^ #7l ^^<y- Tfl^lB *i<3Sf(171)^ ^Tllicf 34. ZL ^o^-, Aj- 7 1 
^^i^- TflolB ^^-(173c)<H] -£-^^4 ^o. A^ti.^.^^c( subt hreshold) # 0 J-°1 Sl7 r €*l 

st£, xi i «-#°§*2i 7>#t.>^ 7i*a *im o i ^#sm ^-a- *r ^4. 

tr^, #7l 7-l^<y- TflolS ^<^^-(l71)ol ^^leJ-S., #71 ^2 %^<g^o) <X 
^1 HSsl-^^r ^Hr^. o^, #71 TflolH #71 X12 

<3^°1 #71 2]^ TflolH ^°!^-(153a)^-S. SZ^l nfl^-oicf. #71 X12 7>#7>e) 

SMCEC2) ^ #71 X12 B31*l #-?-sM(TC2) *}°}°\) #7l Xl2 BH1^€ <8^C£ 202] 161dHl 
7lo]^ X12 ^*>^* X12 ^*f^l ^^(SL2)ol ^#€4. #71 X12 ^A>^£r #7l XU 

^A^jic} <&n>^ ^ ojtf. oi^ ; #71 xl2 cg^(i6ld)^>l #7l XU e)Xli€ ^ 

(161c)^4 <^7l nfl-g-oi ^ o. s ol^fl^ - ojq. Htt, #7l TflolH ^<a^-(153a)Sl # 

^ 7>#7>sl# ^uj-b X12 ^^(VA2)-^ #71 X12 ^^(SL2)# *l\±i=K 

#^tt ^r^r £o] ^- ^^$] ^Aj^-i-^ tr]-^, ?$<>\S. ^7}^ ^2] 

7r#743 ^^#ofl ^^#^1 ^Ajs]^ 3# y o^llT ^ ^4. l4S}Ai, A]5l# ol^ 
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ttf^, ol^-*V TflolH AH gcfa. o}°-i£ ^7flolH# A>olofl >.e 

^7l7> ^Ir-g: 2|^Al^ ^ ojcf. atb, B3!*l ^^^>7l ^ofl 

# tH^Kr <S£- ^-i: ^*Rr ^^1, £ B3]*l ^ A}°H ^A}^ 

* ^§AV^1 <^^o] *§^cf. oH trj-BK ^^-8- *fl^Hr 4i^e1^ 7>#*>i!H 
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[^T 1 * 11 

^"71 Jl^^ *fl3 ^"71 «V£^7l^r £ ^-71 a^tf xfl^ -S-71 «VEA||7m ^ V 

°11 ^4 3L7l TflolH ^<3^ 3? #7] &7] JL&<$ TflolH ^^^cf SfljE. ^<3^ 

-i- ^^JI, 

sflJEL ^cgul- ^ Aj- 7 ) 3,71 jr^oj- TflojH ^Ml ^7^$] f>\EL sfl€ 

^7l = n>^H jfl^M" d}a 3 1 A>-g-§>o^ AJ-71 jjflc ^o^nV ) Aj- 7 ] 57^ 

^ »1°1H $J -S-71 o}-£^7l^r* ^7] *\&& ^ *fl°fl ^1 * 

^-71 *fll *2 *fl2 H31*l <3^* ^Hl AA A\\ ^ ^]2 ^J-^-e^-i-^- ^*>^. 

#7] ^#=1 ^M^^S #41 ^-7) i7l JL^ TllolH ^^Jit]- Tfl 
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2] 

^<y- ^^<y- b^i^ei ^^>ji, ^-71 j7^<y- <=m^ 

3] 

*ll 1 ^Hl Si^^i , 
4] 

*fl 1 %H1 

^"71 ^7) JI*}^ TflolH ^ #7} 3fl = ^*Rr ^^r 

#7l ti>£^l7l^r^ ^ ^Hl ^7] T^E Aj-s^-g- ^^^j7 ( 

^71 7^<y- cg« ^cq ^- 7 ] j7^o]. TflolE X)-$\.^ ^ EH ^ AS. 7] *H #7l 

^ iflo] aV^l^^g- i^l^JL, 

ifl^ ^71 3^7) JL#<Q TflojH #3^<>1 ^7^ «>£^7l^ ^^sj- 
4?1<H ^7] ir.#^ tiVE3l7m ^ofl ^7\ 2^7) JL&<£ 7fl°lB ^S^iLt} ^ 3}|j= ^5)-^ 
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5] 

*fl 4 %H1 5a 
6] 

*fl 1 %H1 

^7) 3L7) 5L#<& 7fl°lH ^ sflJE. ^gg^-g- ^Hr «>£^7l^ ^ #6|] 

5>^. D}A 3 nV| *g ^ Jl , 

7] 

*11 6 %H1 SZ<H-H , 
8] 

*fl 6 %H] $a<H-H, 

^-71 ^ SVJEL 4i3 D 4^ A J"7l 2:71 JL^^ Til o] is #7l sfljEL ^<3^ ^ ^- 7 | 

«Vi^7l«l tfl^M <b]z}- ^^Wl# ^ ^1 l-^O.S ^^*>JL, # 7 J ^ *}JEL PV^H.^ 
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9] 

[^T^ 10] 

XI 6 %H1 

^•7] <5> = 4i3^ ^-7] 3.7] JL#<& Tfloje ^<^o| ; ^-7] ^cgn}- ^7] h> £ 

*H7l#ofl tfl«H ^]z| *2-<H #^(a single layer of material ^*Rr 

^-S- ti>£X1^7>^ X]2:"o V ^. 

[$^T 11] 

XI 10 %H1 
12] 

XI 1 *M 5a°H, 

^7} £ X|2 ^7>^-^^.#^ *§^*Hr 30. 

A o V 7l 2fl 1 31 42 «V£^7l^ ^ ^"Ofl A o V 7 ] ^^S.^. 
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3* -Hf-^iLS. ^ *VEX]^7>£q ^l^w o V^. 
131 

1 -%H1 &<>H, 

^71 afll ^ Xl2 i7}-£-E^l-^- ^^^71 *H, ^-71 XU ^ Xl2 ^ 
14] 

Xl 1 *<H1 5^*1, 

Xl2^ . 

15] 

*fl 1 %H1 Sl^H, 

^ ^"71 XI 2 7}S.^^ ji^oj. ^o]^ #=L-a. ^-g- d 3^ 

^-^^.S *Rr tiV5LX]^h7>^ XlS« 0 >^. 
[^T 1 * 16] 

XI 1 *cMl 

^71 7^<y- X|o]H ^^S]-* ^ a>£Xl7l^ ^ ^-ofl ^1 JE*!^ ^^^Jl, 
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m b*i^ ^e^*>^ ^-7i ^ii «-^<3^!-a- m= jhmmh ^ -sm 

7fl°lB ^^l^^l 5? ^2 B*! 1 ^ *HlB ^^}JL, 

^7) >H2 B^, #7} TflolH #?M<3^, #7l Jf-fMHH 2)1 EH -i- £ -*7l Tflo] 
B 5fl€l:^- Sll^^^H ^71 <3*j l^ofl #7) Tfll 7>S^1 ^HTflolE 

o>^-ei^ J$ 7 \ T^HTfl olH ^ ^71 *l^<a- ^1°1B ^<3^ *}<>H 7fl7fl^ ^ 

-R-Tfl olB"l-# #7l 3L&<& iflofl #7] ^2 ^<8^** 7>3.*| 3.^*1 

31 B ^1^1 TflolH ^ dn] TflolH ^^-s-o. ^^±=. ^ c] B^Rr ^ 

^BB ^ ti>B^4i7l-o] ^l^wj-^ . 
17] 

*l) l "M sa°H, 

^71 *fl 1 ^ *fl2 H«*l <3^*-§- *8^*>7l *H1, 

^■71 <5>J= 4i 3 ifl^l-^ 4H1 :M|°M«-§- <§^*Hr 3* 3 B^>3 , ^7l 

*lll ^ ^12 B^l <3^»£r ^-71 d>^3 sflEjs- ^ 4 v 7l Aiz| P fi3tS 

^V-g-^ ^"71 «}B^7l^ ^4t±^ *8>S3j1, ^-71 ^3flo]A^|S.^ Aj-7] u] ^ 2 B7> 

V8tt 18] 

B^i B^fl^l^Ei ^ 31 ^ B^ B^fi^^Ei ^-g. H>£^7l^ § 
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#7] tiVE3l7l#<5] ^ #6fl JL&Q #3^^: ^ # JL , 

#7l tiV£^7l^:# ±%:*)7}5L, 

#7l 2.^1 BSH^Ei <^ tflS} #7l tiK£^]7l:& #«H #7l 3,7} JL# 

#7l s|]J= #sKKg- ^ ^£^7^21 ^ #°1] 4^7fl^ 4i3 sflni^ ^ 

#71 <5>.E1 nj-^H 2fl^il- ^ #7l ^M^s.^ ^ p>^ 3 #S *l~g-*H # 7 } ^je. # 
SK\ #71 ^7l Jl^<y- 711 °1B #5^ ^ #7l ti>£^l7l^ #71 E^H 

vflofl »H %#cg^S.^. tjH^Kr *fll B31*l <£^* ^ #7l JL&<& £i H^^l 
^ <3<* iflofl *fl2 tH3*Rr A}2 B*ffl*l ^^*>J1, 

#71 ^T^JI, 

#71 i^ol^-i-ol ^71^ a>H^7l^ #ofl #7l ^ ^2 <g^s.,g- *fl 

-^tt ^<31^ ^#*>^, 

#71 *>JE. v}^3. n^o] nfl^l #71 ^^M- ^^)f)o] #7l *fll ^ 

*)12 B^^l Zl-Zl- ^1 ^ ^2 3 ^M- tgA^Jl, 

#71 *}E^ o}i3 2)1 ^ #71 3£fl= ^Sj-g- ^lTl^H #71 *fll ^ ^ -t ^ #71 

2:71 7])°}E. ^#Al^J7 ; 
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^71 *fil #7} 2,7} 5L&<& TflojB ^^tf 8££r Tfl 

[$^* 19] 

all 18 %H1 5a°H, 

20] 

ail 18 ^Hl 5H<>H, 

#7l ^ *H|, ^"71 ^71 S}i= ^Zf V}^3.^3, Aj-g- 

*H ^7l 2fliEL #5^, 2:71 »1°1B ^ #7l 7\ ^4*H ^ 

Sl, #71 ^H^S*- a> 7 ] ^t= D [A 3 ^\^9] ^7) afl 1 ^ *fl2 &M1^ 

£ ^^l-Sl ^71 *fll * *fl2 H3!*l ^"71 31] 

#71 afli * 7fl2 B^l^l #71 ^ #7l i^olA^ol 

*1|7i€ aV£^7l^:# l^sM^cH ^7l >Hi ^ ^]2 3jAfl^€ ^^#^1 ^ #71 * 

*fl2 H^^l ^^1-^ <l^-s)-°b§- ^sR=, ^ o. d 3.^*= 3^ ^ o.S til 
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21] 

*fl 20 %H1 &°H, 

<#7) ^H^l^ 1^1-5}-^-, CVD SE^r CVD ^sj-^S. ^ ^ S}^ 

22] 

^ *fll i^^s^sv; 

^■71 afll z\&<& 7flo]B ^ 

^-71 *fl2 *^<8«l A cHl A o V 7l 7^oj- 7flo] S ^^^rf Jj^ o_ Jl^oj- Tfl^H 

^^^o. 3 c^s| > ^- 7 i ^7>^-e)^ ^-«-^( t0 p surface)^ <%7) 5L$.<& 7\}°]B. ^ 

(step region)^ #7] Jl^<y- 7^1 o]h ^^^.cf \£<8r o^^: <g H 

Ssj-^^ #aL, ^-71 ^"71 *fl2 %^<^^sl 7}^}el iiMl- *Wtt ^^SJMH 

$13$ ^-71 7412 i7l~£-em^- *1^H1 ^*l*Rr sj-fe 

23] 

22 *cHi sa^H. 
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^7} z\&<& Tlloje ^Bj- ^6\] *£$S\3L ^7} afll SHg<S^-§- 7>S*1=^ ^^i 0 ^ 7fl 

^-71 7l]olH ^Hl ^^^Jl #7l ^12 SM^^-i" 7>^.xl s.^ JL3l<& 7\)o] 

24] 

22 %H] 

#71 7-1 ^oj- ojo=j,o_ ^s,^) ^ o^o] S.^ 0.5. *m ^S^l^K 

[^%>- 25] 

^1 24 %hi 5a<^, 

26] 

^1 25 iH 91°]*], 

^7} 7^oj. ^olE *|<3^ ^Jfofl *§>££U ^"71 ^11 %^<^^^- 7>5.*1=^ ^ol^o] 

^71 PHHTflojB ^ ^ a o V 7 ] ^oj. ^olE ^nl- A |.o)oll 7 fl^fl^ «..£>- 7]] E ; 

<#7] JL&'S TllolH -*Hf°fl ^3al ^7l A}2 *^°J^* 7>S.^1=^ 7]} 

°1H 
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*}*= ^J-8r ^8 ^ «>£^^K 
27] 

Tfl 22 &<>H, 

^-71 ^11 4l7>^-em- ^ >S-7l ^>S.^]7l^: A}o]<2}- #7] *112 ^^-E^ ^ #7l *V£*ll7l 

28] 

^ 22 %H1 SZ^i, 
29] 

7^<y- ^ ^ «>£^7]^;; 

#7l 7^<y- ifl^ #7} ti>£^7l^ ^^ofl ^S]^ ##5} 7H 1 "7>el g.^ 

(protruded edge surface)!- ^1 ^M^^-i- tr^^ >fll H^^l ^ ; 

^71 *fll J=3]*l ^ ^71 *fll «r^<* ^Ol^l 7fl7T]£)5] > #7} *\\ <*j o] 

7l 7H}-7Vel a^AS^-Ei 5>-^-S. (downwardly) <3#€ *Hl ^^(a first inclined 

plane)^: *111 ^-4^ <3^(a first sloped region); 

tr^Hr *fl2 H31*l ; 
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#7l XI 2 MiS^l ^ #7l XI 2 SMd*^ *>°H ^-^Sjs), -8-71 XI 2 7> 

^>E] 3M(edge corner )S.^] <3#€ XI 2 ^}^# ^ XI 2 ^ ^ ; 

#7l XI 1 ^a}^ £ji ^- 7 i xi 1 <g^#" XI -Hr XI 1 i7>^-^^-; 

#7l XI 2 m^- #71 XI 2 M«*l Xl-*Hr X12 i7>^-e|^; 

#7] XI 1 ##<S^ #ofl ^#33, #71 XI 1 ^7>^SlBVSl #^^.4 ^ #^-i- £ 

^ 7-i^-y- xioiH ^<£^; ^ 

#7l XI 2 *#<3^ #^1 *8#£|S|, #71 XI 2 iXI:^^ #^J±4 ^ #^ 
#JI #71 7-1 ^<y- XHB ^^SU} ¥*l& TflolH 5L^>Sl, #71 7-1 

^<y- xhh ^ #7i xmh ^<£^ #^ j ^ <x^t!: Bixi^a ^ 

HSs^-g: 5fe a>£.X1^7>. 
30] 

XI 29 %>X1 &<h>*i, 

#7l XI 1 flr^^^Sl #7l 7>#7>5l #Sl ^-71 ^&<& Xl °1 B # 

71 XU #^^^31 f^Jf ^ ^-71 7-l^oj- ^| 0 ]E ^ol^-i^ ^ ^ ^Hr <£5i 

Xl4l7>. 

31] 

XI 29 %H1 5^1, 

#7l X\&<& Xl°lH ^^l #^3 7>#^>Bl# ^lM-^ ^^#^r #7l XI 1 ^A]^ <^ 
^ 7] Uf^- ^-g- ^ HV£Xl^7l-. 
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[^t 1 * 32] 

a 29 %hi sa<H^ , 

-8-71 afll <3<^ «J -8-71 TflolH %<£^ *}o)2) T^fe ^7} *\ 

[^t 1 * 33] 

*H 29 %Hl 5a<HH, 

#7l 7^^- TflolH ^<2^- ^Hl 2fll %^^^^r 7VS^=^ 7^<y- Tfl 

#7l JL^^J- TllolH ^Ml ^^s)j7 ^-71 ^12 #^<3^* j7^<y- 

34] 

X] 29 %H1 ^oH, 

^"71 ^^<y- TiflSLe) ifl ^^<?1 S^jo S ^ ti>£^l^>. 

35] 

Tfl 34 5U<H>H , 

I^t^ 36] 

XI 35 %H1 
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#7} TflolH £<&^ ^-¥-^1 ^^S)ul #7] *fll 7>S^s^ *|Ht|M 

^l<H7fl°lH ^ ^71 ^olB *i<3^ ^ojofl 7 fl7fl^ «-^-7flolH; 

^71 «~H-7flolB ^ ^-71 ^l^TflolH ^ A}o-|ofl 7 fl7fl^ T^E f^^I 
^-71 ZL*l<y- 7flo];e ^<£n}- ^-oll ^ 3 JI <#7) *)]2 7>5.*l3^ ofl <£] TflojH 
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